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Stream salamanders in the family Plethodontidae constitute a large
biomass in and near headwater streams in the eastern United States and are

ream health. Many studies of stream
salamanders have relied on population indices based on counts rather than

i i such as cap and
removal. ication of estimati allows the ion of
detecti ilities (the ion of total animals present that are

detected during a survey) and their associated sampling error, and may be
essential for determining salamander population sizes and trends. In 1999,
we conducted capture-recapture and removal population estimation
methods for Desmognathus salamanders at six streams in Shenandoah
USA. Removal sampling appeared more efficient
s from removal data were higher than those from
capture-recapture. During 2001-2004, we used removal estimation at eight
streams in the park to assess the usefulness of this technique for long
ing of stream Removal d ilities ranged
from 0.39 10 0.96 for Desmognathus, 0.27 to 0.89 for Eurycea and 0.27
t0 0.75 for northern spring (Gyrinophilus porphyriticus) and northern red
(Pscudotrifon ruber) salamanders across stream transects. Detection
probabilities did not diffe actoss vears for Desmognathus and Euryces,
but did differ among streams for D
Desmognathus decreased between 2001-2002 and 2003-2004 which v
be related to changes in stream flow
may be a feasible for o but
field methods should be designed to meet the assumptions of the samling
stream

lew
are discussed.
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INTRODUCTION

Stream sal ders including D hus, Eurycea, Gyrinophilus and Pseudotriton
species in the family Pl 1dae (lungless ders) are found in and near seeps and
streams in ihe eastern United States. These salamanders play an important role in nutrient
cycling and energy flow and can be top vertebrate predators 1n fishless headwater streams
(Davic, 2002). In Appalachian old growth forests, plethodontid salamanders are extremely

bundant (up 10 18,486 i il 'ha) and alarge biomass (16.53 kg/ha) exceeding
that of birds (PETRANKA & MURRAY, 2001) Stream salamander larvae develop i seeps and
streams, After transformation, juveriles and adulis spend part of thew hie in the leaf litier,
rocky substrate and banks along streams. foraging on the surface on wet or hurid mghts, and
luding beneath rocks, logs, leaves, mass, bark, and 1n burrows during the day (PETRANKA,
1998)

Because stream salamanders may serve as indicators of stream ecosystem health (CorRN
& BURy, 1989; PETRANKA ¢t al., 1993, WiLsH & OLLIVIER, 1998; SOUTHERLAND et al., 2004),
wdentifying rehiable survey methods and population estimation techniques for this group are
mportant. Many studies of stream salamanders have uscd population 1ndices such as raw
counts and densities (WrtsH & OLLiVIER, 1998, BARR & BassiTT, 2002), although studies
using pop t based on capt apture and removal sampling have also been
conducted (BRUCE, 1995; Nunt s & KapLax, 1998, PETRANKA & MURRAY, 2001 ). Population

that include d: babilities (the proportion of total animals present that are
detected during a survey} and lhelr assoctated samphng error may be essential in determining
population sizes and trends.

Detection probabilities () for salamanders can vary spatially, temporally, and by species
and age class (JUNG et al., 2000; SALVIDIO, 2001; BAITFY et al , 2004) If §’s differ among stady
sites or over hime, population indices will not be comparable unless differences in detection are
estimated during sampling Also, magmtude of detection probabibty can mfluence precision
and bias of estimated population sizes; if 5°s or recapture rates of animals are low, standard
ervors of estimated population sizes become Jarge, leading to unrchable or biased est:imates.

The purpose of this mvestigation was two-fold. A study conducted 1n 1999 was designed
to compare capture-recapture and removal estimation methods for stream salamanders and
determune which method was more efficient and provided higher detection probabilities. A
study conducted from 2001-2004 was meant 1o assess the usefulness of the preferred tech-
mque (removal estimation} for long-term monitorng of stream salamanders in Shenandoah
National Park, Vurginia, USA.

MATERIALS AND METHODS

For all stream salamander surveys i Shenandoah National Park. we recorded salaman-
der species, age class (those wath gills were recorded as larvae and those without were classiied
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as adults), and snout-vent length (SVL) and total length (in mm) Because larvae of some
species were occasionally not distinguished 1n the field and/or because of low sample sizes, we
combined data for northern dusky (Desmognathus fuscus) and seal (D monticolu) salaman-
ders nto Desmognathus and combmed data for northern spring (Gyruiophilus porphvriticus)
and northern red { Psewdotrtton ruber) salamanders into Gyrmophifus! Pseudotriton for analy-
ses. The northern two-lned salamander (Ewryeea brsimeata) s found in the northern part of
the park, whereas the southern two-hned salamander (£. curigera) 1s found m the southern
part (GHITEA & SATLER, 1990). Herein, we treat the two specics, which are indistinguishable
morphologically, as one when streams the park are dered. Stream sala
derspecies in the park not detected 1n our surveys included the long-tailed (£ Jongreanda) and
three-lined (£. (WrrT, 1993).

In 1999, we compared capture-recapture and removal methods to estimate stream
salamander populations at $1x streams in the park. Three of the streams were first order
(Jeremy’s Run, Land's Run, Piney River) and the other three were sccond order. Two of four
observers turned over the 10p layer of rocks and other objects greater than 6.4 cm maximum
width or length within two 50 X 1 m transects (one on each side of the stream channcl, 100 m?
total area) at each stream, sampling the terrestrial habitat immediately adjacent to the wetted
stream channel Larvae were captured in the hy porheic zone and comprised 9 + 2.8¢ (mean
+ 5,) of Desmognatius observations, 35 + 8.7° of E hulmeata observations, and 68 +
11.6 % of Gyrmophilus! Pseudotriton observations across all surveys.

Approximately weekly from 9 July to 13 August 1999, we captured salamanders during
the day by hand and dipnet and batch marked larvae and adults of or above 25 mm SVL using
vistble implant fiuorescent elastomer (VIE, Northwest Marine Technologies, Inc ). a biocom-
putible latex-based dye mjected just under the skin. We used one of three VIE colors (orange,
red. green) at one of four positions just behind the forelimbs or n front of the lundlimbs and
checked marks under a blanket using an ultraviolet ight (JUNG et al . 2000} Other studies
have shown that VIE matks are more permancnt and cause salamanders less harm than
toe-chpping (DAavis & Ovaska, 2001; MaroLp, 2001} Identities and measurements of
unmarked, marked and recaptured salamanders were recorded at cach survey The percent of
salamanders that escaped per stream across capture-recapture surveys averaged 36 = 2.27
for Desmognathus, 38 = 55 o for £ bistuewsa, and 43+ 103, for Grvmaphilus!
Pseudotriton.

After completing 5-6 capture recapture surveys (five at Keyser Run, Pass Run Tributary,
Pimey Rner}, we vonducted temporary removal sampling of stream salamanders from 23 1o
28 August 1999 at the same transects. Three passes, at least two hours apart, were made each
day for twe consecutive days for a total of six removal passes. We tallied the number of larvae
and adults of each species removed at cach pass and kept species and age classes in separate
buckets with stream water positioned v the stream i the shade  All salamanders were
released back to transects afier the final pass.

During June and July of 2001-2004, we used temporary removal sampling as above
though with 2 3 passes condueted one after the other during the duy at E-2 transects at each of
erght streams i the park Five of the streams were first order and three were second order or
Tigher Surveys were also conducted at a nmth stream, Staunten Ruver, but no salamanders
were detected there, presumably due to residualelfects of a large flood along this river in 1995
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For these surveys, we used a modified transect design, transects were 15 m long and 2 m wide
and located on only one side of the stream, spanning I m along the stream bank and 1 m in the
stream channel. This design allowed for capture of significantly more larval Euryeea(F=21.9,
df =1, P < 0001) and Gyrmephius! Pseudotrizon (F = 44, df = 1, P = 0 043) salamanders
compared to the 1999 stream transects, larvae comprised 5 = 22% of Desmognaths
obscrvations, 75 = 4.1% of Ewvcea observations, and 89 « 4.2% of Gyrmophilus/
Pseudotrion observations. Our summer surveys mostly missed Desmognathus larvae, which
typically transform by June-July (PETRANKA, 1998).

For capture-recapture data from 1999, we estimated population sizes (IV) and detection
probabiities (#) and their standard errors (s,) using maximum likelhood and Bayesian
estunators. These models assume a closed population and fit a series of models that differ in
their assumptions about variation 1n g during sampling (O1is et al., 1978, Rexstap &
BurnmaM, 1991). The test for population closure in program CAPTURE showed that all
populations at each stream were closed (all P> 0 05), so open population models were not
used (RrxsTap & BURNHAM, 1991} At least one assumption of capture-recapture models,
that all amimals captured are marked, was not met because we estimated only a subset of the
populations, i.¢.. mdividuals of or above 25 mm SVL The Bayesian estimator (Gazey &
StaLty, 1986) assumes prior distributions for N and p and estimators are derived based on the
posterior distribution. We used a umform (0,1) prior distribution on p and a diffuse negative
binonial prior distribution on N (Gt orGE & Rosi RT, 1992) We fit the Bayesian model using
a Markov chait Monte Carlo techmque known as Gibbs sampling. in which the posterior
distributions are estimated by simulation Bayesian estimators do not rely on the asymptotic
properties of maximum hikelihood estimators, and hence are preferred for small sample sizes
(GAzEY & STALEY, 1986)

For removal data from 1999 and 2001-2004, we calculated population estimates using
Zippin model My, (Zippin, 1958; Whirtk et al , 1982}, which assumes a behavioral response to
capture. Escaped salamanders were excluded from removal pass counts. Escapes were higher
m 1999 compared to 2001-2004, when the percent of salamanders that escaped per stream
across all rtemoval samples averaged 36 + 3.9 and 26 + 3 1°. for Desmognuths, 43 1
73 cand 15 + 19 « for Lurvcea, and 44 & 18 7 wand 11 4 30" for Girmophniusi
Preudotriton. respectively Basic assumptions for removal studies include population closure,
equal sampling etfort, equal catchability. and effective reduction of the population after each
search Unfortunately m the case of strcam salamanders, some of these assumptions are
difficult to meet (Bruc, 1995)

We used the “closed captures™ selection m program MARK (Wintt & Burniiam, 1999)
tocaloulate N+ (N), fland s (p) for capture-recapture model M,. which assumes a constant
capture probabil.ty, and remosal modet My, For Desnognatings data in 1999, we wsed pared
1 tests to test for sigmficant dufferences between the 5's of the capture-recapture and removal
estimates and used program CONTRAST (Sautr & Wi t1ants, 1989: Hines & Satir, 1990}
to test whether 7% from (he eapture recapture and removal data diflered among streams. tor
the 2001-2004 data, we compared whether #'s estimated usmg removal models differed among
streams within years and among years within streams for Desmognatiun and Lt cea using o
Cht Square test implemented m program CONTRAST. Analyses were conducted withim
groups {streams or years), then pooled to provide a composite Chi Square test with summed
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degrees of freedom. We also tested for differences among years and streams m N for
Desmognathus and Eurycea using a two-way ANOVA in SPSS (Norusis, 1992}

RESULTS

Across the capture-recapture surveys at the six streams in 1999, we marked 180 Desnio-
gnathus, 62 £ bishneata, and 17 Gy rinophilusi Pseudotriton (tab, 1). Recapture rates were fairly
low, ranging from 0 to 33 % across species and stream sites (tab, 1), Because the numbers of
marked and recaptured salamanders were low, the simplest model (model M), which
assumes a constant capture probabulity, was usually the model of choice 1n program CAP-
TURE; the results of this model are presented in tab. 2. Unless a population 13 large or
exhibits lugh capture probabilitics, model selection may not be able to detect a pattern in j's
and will select the default model M, (MENKENS & ANDERSON, 1988) Because capture-

based on likelihood and Bayestan models were from the same
dua set, values for & and § from these methods were quite similar; we used the estimates based
on maximum-likelthood for analyses We were only able to calculate capture-recapture
population estumates for E. bishineata and Gvrinophilus/Pseudotriton at one stream cach,
Jeremy’s Run, where one individual of each species was recaptured (tab. 2) Desmognailus
individuals were recaptured at all 6 streams and capture-recapture f's averaged 0 06 = 0.014
(range: 002 0 10) (tab. 2). Capture-recapture j#'s differed among streams for Desmognathus
(¢ =13.3,¢df - 5, P = 0.02). Capture-recapture does not perform well unless 5’s exceed 0.30
(WInTE et al., 1982), which was never the case. Because of this, the standard errors of & were
sometimes very large (tab. 2).

Bascd on the six pass removal data from 1999, population estimates could be calculated
at all 6 stream transects for Desmognathus, 3 for E brshneata, and 2 for Gyrmophiius!
Psetalorrion (tab. 2). Removal f's averaged 0.25 + 0,077 (range: 0.08-0 61) for Desmognathues
4cTOSS stream transects, 0.25 + 0079 (0 09-0 35) for £ bishmeata, and 044 £ 0 060 (0.38-
0 50} for Gy rmophilus! Pseudotriton. Removal s differed among streams for Desmognatiies
(7 = 279, df - 5. P < 0.001) Removal pi's were significantly higher than those based on
capture-recapture for Desmognathus (t = 2.2, df = 5, P = 0.04, tab. 2).

For the 2001-2004 data. we calculated removal population estimates for stream salaman-
ders at strcam transects ut the eight streams (tab. 3), Estimation was not possible when zero
counts occurred on the sccond pass when two passes were used or on the second and third
passes wlhen three passes were used, or when counts increased across subsequent passes. We
could caleulate population cstimates at 55, 54 “wand 13 o of the total 56 stream transects
surveyed from 2001 to 2004 for Desmognathnes. Eurveea and Gyrmophidio! Preudoiriion,
respectively (tab, 3). When estimates were caleuluble, p's averaged 066 + 0.025 (range
0 39-0.96) for Desmognatiu actoss stream transects, 064 ¢ 0031 (0 27-0 89) for Errveea.
and 062 + 00650 270 75) for Gyimoplulins! Pscudotriion (tab, 3) These detection probabi-
lites were much higher than those found in 1999 Using program CONTRAST, we found that
F's difered among streams for Desmognathes (/0 7, df =17, P = 0028) but not for
Lurvceu Detection probabilities did not duifer among years at a stream for either Desmagra-
thus or Enryeea
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Table 1, - Numbers of salamanders summed across 5 10 6 capture-recapture surveys in 1999 that
were too small to mark, escaped capture, or were marked or recaptured (% recaptured

parentheses).
Spoctes Stream Not marked Escaped Marked Recaptared (%)

Dremognatins Teremy's Run = 7 B3 @
Keyses Run 1 2 3s 16)
Land’s Run 32 30 2 7025
North Fork Thorion 15 20 34 2(6)
Pass Run Tributary " 25 38 23n
Prney Ruver ) 12 9 Lan

Eurycea bistmeata Jereary’s Run 7 14 3 13y
Keyser Run 4 2 2 00
Land’s Run 4 4 5 (0
North Fork Thornion 4 20 35 00y
Pass Run Triutary 12 12 I 00
Piney River 3 7 3 oo

Gyrumophulus / Pseudotrton | leremy’s Run. ) 7 3 143
Keyser Run 0 1 1 o
Land's Run Q 3 1 00
North Fork Thomion a 1 2 00
Pass Run Tributary a o 1 0o
Pincy River ) 5 4 010

Table 2. - Population estimates (N = standard error, s,), 95 % confidence intervals (Cl), detection
probabilities ( p = s,) and models used for species encountered during capture-recapture
(CR) and removal (REM) sampling in 1999 at 6 streams m Shenandoah National Park. For
Bayesian results, we present the mean N /mode N .

Species - Stzoam Method ] Passes Ao ss%ct P | Mot
Destograhus

Jezecy’s Run CR 13 64225y 86-178 0.10¢0023) o
Bayesian 13 1241119259 86-185 0.100.023)

REM. 6 29.11i3,128,7 97(10.4) 86131 025 (0.053) B

Land's Run CR 6 62(18.8) 41922 0.09{0.032) o
Byean | 6 72166.25.6) a1 | 0wu

REM 6 965854 63(276) 42-180 014(0.085) B

Pass Run Tributary CR 5 71449} 31242 0.06(0.038) o
Bayesima 5 Li5/84 (1049) 32392 0.06 (0.035)

M 6 12,586,59 108(90.0) 52-537 0.08(0.083) B

Puney Raver CR 5 33(294) 13-166. ©06(0.036) o
Bayesna | 5 55747 159.4) 145 | 0060008

Red 6 5.01,44,3.0 21{5.6) 1848 022017 B

Keyser Run CR 5 4934792) 120-2505 ©02(0.014) o
Bayesian 5 556,419 (461 4) 128-1844 0.02(0.015y

REM 6 9.13,1,000 23(0.0) 2.2 0.61(00%9) B

North Fork Thomton CR 6 253(169.3) 91872 0.02(0.016) o
Bayesian 6 346/266 (275.5) 97 104 0.03(0.0.6)

REM. 6 1L142,11,46 70(18.3) 53-13% 0.17(0.072) B

burpoea butncia

Jerey's Run & 6 sen 3@ | enem | o
Bayesmn L1 197760 1) 310 ©12(0.095)

RLM 6 S0(s13)y 25-323 009¢0.115) B

PassRun REM. 6 (11 (2] 035(0.116) B

Piney River REM. 6 3100 33 0.30(0.148) B

Gornophins Pecudsteion

Jeremy’s Run. 6 27242y n-137 0060051y o
Bayesian 6 82140 (138.4) 11433 005 Q043

North Fark Thormlan. REM 6 100 111 0500 354) B

Piney Rever. REM 3 3100) 33 038017 B
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Table 3. Population estimates ( X £ 5,). 95 % confidence intervals (C1) and detection probabilities
(pt s for salamanders encountered during removal samphng i Shenandoah Nationat
Park. Analyses were based on two or three diumal passcs conducted consecutively at one
(2001) or two (2002-04) transects (T} at each of eight streams (escaped salamanders
excluded) using model My, (Zippin) from program CAPTURE. - ndicates a third pass was
not conducted No data for a partscular species for a year. stream or transect indicates that

none were detected or that estimation was not possible.

Taxon - Stceam Yoo [T | TS Nem 95 Cl j483)
123
[Desmomsaims
Pney Rver 000 |1 2038 22 0610027
P ncy feibviany w2 |0 3050 44 0670192,
2 01156 %20 0520249
o |0 3075 33 07507,
204 0 3021 33 03027
2 327 33 6750217
oy Creck w0 |1 4414931 34-i09 0430207
we |1 35079 35.35 050 0049}
2 47(580) 270 06300129
w0 |0 12389 10 03800207
2 @35) 2 06700272
w0 |1 10¢s.301 a3 03900285
2 20.69) 5.5 0690 126)
Doyte's Ruver w0 f) 10(035) 10-t0 091 0087
e |2 12073) 122 071D
w08 [ 1 301 06) 88 06200135
Havksbil 200 [ 20431 21100 0420278,
w02 |1 25021 2525 050 0038
20 |2 30071) 33 06000219,
w0 |1 307 33 0600219
2 8031 &3 07300134
fas Ron 00 |2 209 99 0640128
ot (1 2087 77 064(0 135)
2 7087 77 06i 01451
Jeremsy s Ran o |1 ned N 0680224
w0 (1 0019 1540 0160177
2 6038) 66 0750153}
s (1 1o 88) frans 841008,
2 1506.61) 1351 051 007
o0 (1 16072) Jolo 073 (00%5)
2| 720 10(063) [rar] FRIRCRE)
s
Py River 200 (2[00 | ruen 12 063,013,
w0 |2 2038 2 06610272
oo (1 20 0490215
fancn Trbotan, 2001 24dm 0600199
w2 310805 03110 183
w1 e 0730 11
2 2416 71) 034028
o [ 207 a71@I
2 101 11) 0221
R w0t (1 200 0800105
Dovc s R | 601 05 07500 15
b | 106056 06T
b ol | 9043 074,022
e [ 20 0 083007
o (1 el 05) 07540 153
E ' (1 69) 05120
2 10080 0swoTy
T kun w2 04 S 03700 140,
[t e 035w e
2 ol 15 0w
wrams sk o (1 sy 0w
wa [t Rl o 062w (5
(1 s uasi i,
2 Tt a7l
Vi Run w1 rxm w270 06
e | B asin 0
H 1603 61 0610
|2 ek sn Gorw st
o [ b e
H PR o715
P e——
W enek | 2| a2 103 biz0 arswisy
o <R e | 1] era | 2aes Ve 10 @7
R i 181 oo RN
s A ot (1] 220 Lo i Gori oy
st e (1] 3 Sl Iy aTem
(st [ s [T
2] 220 S50 06w
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To analyze population change at a site, at Jeast two years of data are needed and analyses
should rely on population estimates to avoid bias associated with raw counts. For Desimogna-
thus and Eurveea. we had complete sets of & for 2001-2004 at three streams each and A for 3
of the 4 years at another two streams (tab. 3) We found significant differences in N across
years (F=12.7, df = 3,9, P = 0001) and streams (F — 99, df = 4.9, P~ 0.002) as well as a
significant year*stream mteraction (F = 4.6, df = 10,9, P = 0.015) for Dmnmglm!hm. but no
significant differences for Ewrycea D hus population est were
higher m 2001 (24 + 7.8}and 2002 (20 = 5.4) compared t0 2003 (9 = 2.7)and 2004 (8 £ 1 4)
The park experienced heavy precipitation during the summer of 2003, with average stream
flow rates 19 and 7 times higher than stream flow rates in the summers of 2002 and 2001,
respectively (Shenandoah Watershed Study data, Rick Webb, pers. comm.} Data from July
2004 are not yet avanlable, but 2004 flow rates were most likely mtermediate between the 2003
and 2001-2002 flow rates.

Discussion

Long-term monitoring programs require cost-cffective and efficient techniques to gather
accurate and precise data. Unfortunately, the spatially variable {1.e.. sigmificant differences
among streams) and sometimes low detection probabilities found in this study using capture-
recapture and removal methods remforce the need for estimating p's as part of stream
salamander abundance estimation studies. Our study also indicates the importance of deve-
loping better methods for estumating stream salamander populations such that estimates are
consistently available on a yearly basis for trend analyses.

We found that removal sampling yiclded higher 5% for stream salamanders than capture-
recapture sampling. Other capture-recapture surveys of stream salamanders have also shown
low recapture rates and hence detection probabilities (BARTHALMLUS & Bituis, 1972, Nunuis
& Kapran, 1998). Indeed. MaroLD (2001) used VIE to mark 44 E bislmeata and D fuscus
but did net recapture any in the field Bruce (1995) used removal sampling {7 passes set 2-3
days apart) and found low te moderate standard errors for population estimates of D
monticol and suggested removal sampling was a promising technigue to momnutor salamander
demographics Other factors fwvoring removal over capture recapture sampling are that
removal sampling vsually requires shorter sampling mtervals, reduced ficld personnel,
and less funding than capture-recapture, and appears to be ideal for amphibians such as
aquatic larvae that are highly detectable and have lunited home ranges and mobulity (HAvL,
1994).

If remosal sampling 15 to be used for long-term monitoring, field protocols play an
mmportant role in determming their success. In our removal surveys, eflective reduction of
populations sometimes aid not eccur even after six passes. This may be due m part to the hugh
perceniage of salamanders that escaped capture, thotgh if we analyzed removal data indud-
g escapes n the passes, the same 1ssues would be apparent. Itis important to note that when
the percent of escapes were lower as they were m 2001 2004 compared to 1999, the p's for
spacies were hagher With fewer escapes and larger sample sizes, there 1 potential for better
estimates. Removal estmates usig Zippin's method are unrchable 1f less than hall” the
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population 1s removed (BRUCE, 1995), but WHm: et al. (1982) considered detection probabil-
ities greater than 0.20 adeqy for n removal experiments,
Bruct (1995) found that 7 passes probably reduced total D monticola populations by more
than half at his study sites, but he had difficulties reducing numbers of first year juveniles,
which may have shown “mncreased surface activity ..as the larger salamanders were removed
(i.e., a response to reduced compeution or predation)”. SOUTHLRLAND et al. (2004) used
two-pass removal sampling and were unable to calculate population estimates for species at an
average of 75 % of the streams surveyed because salamander numbers did not decrease or
were zero 1n the second pass. Removing salamanders from under the top layer of rocks may
disturb or “unearth™ other salamanders deeper in the rock substrate As we sometimes
observed, this can lead to more salamanders in the surface population during subsequent
passes than in the first pass before disturbance.

Several factors could be changed in our removal protocol to improve N and p estimates,
Conducting surveys on wet or humid nights, when more of the salamander population may be
on the surface foragng, might yield better removal estimates. D fuscus and E bislineata
emerge one hour after sunset (HoLomuzk1, 1980} and D. manticola emerge shortly after dark,
with peak actiity occurring around mudnight and again at dawn (SHeALY, 1975; HAIRSTON,
1986). However, working at night along rocky streams can be difficult and treachcrous.
Another option would be to conduct more removal passes, providing the option to group data
from earlier passes in which no decreases in removals occurred Pilot studies m which a large
number of removal passes are conducted to determine the appropriate number and grouping
of passes may be useful Another factor to consider is the size and placement of transects or
plots. In our surveys, we only searched narrow 1- or 2-m bands along and/or in the stream.
Most stream salamanders move between the stream channel, splash zone and bank Home
ranges of D fuscus have been shown to vary tremendously, from 1.4 m? in Ohio (ASHTON,
1975) to 25-114 m* in Kentucky (BaRBOUR et al . 1969) D. monticola home TANZes were
cstimated to be 8 4 m” n Kentucky (HARDIN et al,, 1969). During warm months, E hislneata
tagged with radioactive 1sotopes moved within a 14 m” area (ASHTON & AsHTON, 1978), but in
June some post-breeding migrants moved more than 100 m fron a stream (MACCULLOCH &
Bibkk, 1975), which probably explams the particularly low recaptures we observed for this
species m the 1999 capture-recapture surveys. Surveying a wider area of bank along with the
stream channel to incorporate more of the target species’ indsvidual home ranges may yield
better removal estimates.

Other new approaches may prove to be more useful for stream salamander population
estimation. Our removal estimates were based on populations at single stream transects. New
analytical methods developed by ROYLE (2004¢-b), Rov1r etal {2004} and Dorazioetal (in
press) aggregate mformation across sample sites such that removal sampling can estumate the
abundance of spatially distinet subpopulations. These models mcorporate spatial models of
abundance (e g . Poisson, negative biomtal) with models of detection probabiity and have
been shown to yield abundance estimates with “similar or better precision than those
computed using the conventional approach of analyzing the removal counts of cach subpop-
ulation separately” (Dorazio et al., in press).

A dufferent approach would be to estimate the proportion of arca (i this case, streams)
oceupied (PAO) by stream salamanders over time (MACKEN/I et al., 2007). The PAO method
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11 and ility of species based on presence/absence data recorded
from repeated visits to sites selected using a probabilistic sampling frame within an area of
mference. Stream salamander species that exhibit low detection probabilities and occupy
fewer sites would require more streams and visits per stream for PAQO estimation (MACKENZIE
& ROYLE, submutted). Note that repeated visits to streams could be satisfied by surveying
multiple transects along the length of a stream.

Despute the problems evident in this study, population estimation efforts incorporating
detection probabilitics may be necessary to assess trends in stream salamander populations,
Better survey methods {e.g., transect designs} and population estimation techniques (e.g.,
aggregated removal or PAQ approaches) need to be tested and developed such that seasonably
low bias population estimates can be consistently calculated for sites over time. In addition,
spatial design of samplig associated with hypothesis testing mcorporating covariates that
may nfluence stream salamanders (5, W, site occupancy), such as the percent of impervious
surface in a watershed and stream flow rates, should be incorporated alongside momitoring to
best yield inferences about how changes m stream salamander populations over time are
influenced by environmental factors.

RESUME

Duns lest des Etats-Unis, les salamandres torrenticoles de fa famille des Plethodontidae
représentent une biomasse élevée dans et auprés des ruisseaux 1ssus des sources, Elles peuvent

amnst i d'inté d de la santé de ces écosystémes. Beaucoup d’etudes
de ces salamandres se sont appuyees sur des indices dé phiques utilisant des dé
d'animaux et non pas sur des esti fondées sur des iques comme les capti

recaptures ou le t des L’emploi de d’evaluation permet le
catcul de probabilités de détection (la proportion d'amimaux réellement presents détectés lors
d'une etude) et de leur ecart-type, et peut permettre de déterminer les tailles et les dynamiques
des populations de salamandres. En 1999, nous avons employé les méthodes de capture-
recapture et de ramassage pour évaluer des populations de salamandres du genre Desnogna-
thus dans six ruisseaux du Parc National de Shenandoah (Virginie, Etats-Unis) La méthode
du ramassage s'est avérée plus efficace’ elle a donné des probabilites de détection plus élevees
que celle de capture-recapture. Pendant la période 2001-2004. nous avons employé la methode
du ramassage dans et auprés de hwit ruisseaux du Pare afin d'évaluer la fiabilite de cette
techmque pour la surveillance & long terme de ces populations de salamandres. Lors de
transects le long des ruisseaux, nous avons obtenu des probabilites de detection de 0,394 0.96
pour Desnognathus, de 0,27 4 089 pour Ewrycea et de 0,27 4 0,75 pour Gyrmoplults
porphyrinceust Pseudoterion ruber Les probabilués de détection n'ont pas varié au cours des
annees pour Desmognathus et Eurycea. mats ont différé selon les ruisseaux pour Desmogid-
s Les evaluations des populations de Desmiognathus ont diminue entre 2001-2002 et
2003-2004, ce qui peut étre hé a des changements dans le régime hydrique des ruisseaux. Les
procedures de ramassage constituent une methode fiable pour Fevaluation de populations de
ces salamandres, mass les méthodes de terram dowent étre congues de mameére a remplir les
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conditions statistiques des méthodes d’échantill De lles méthodes d’estimation
des populations de ces salamandres sont discutées.
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